Details on the analysis of the temperature dependent data
The observation of the reaction front movement at different temperatures was performed in LEEM with 14 eV (starting voltage -StV.) electrons with both SiO 2 /Ru(0001) and Ru(0001) systems. The choice of the StV. value was made after proper inspection of the LEEM-IV curves by looking at conditions where a clear contrast change between O-rich and O-poor phases could be clearly seen (see panel A on Figure 2 in the article). Once the front was found during thermal annealing in H 2 atmosphere, its movement across the whole field of view was recorded in LEEM at different temperatures at different sample positions. Because the contrast change across the front is produced by the change in the work function of the surface due to removal of interfacial O Ru by H ads (as determined by local photoemission spectroscopy measurements), the front velocity is related to the change in the surface concentration of O Ru and can then be related with the water formation reaction. Consequently, it is possible to extract the apparent activation energy ( ) of the chemical process by just analysing the temperature dependence of the front velocity by the construction of Arrhenius plots. In order to estimate the average velocity of the front we applied the following method. A rectangular area of interest (AOI) was defined with identical size for all experiments. The reaction fronts move (quasi) parallel to one side with the length Δ . At the starting point, the whole AOI was covered with the initial bright surface. When the reaction front passed the AOI the intensity decreased and finally reached the intensity of the dark part of the reaction front. Figure S1 shows the intensity vs. time plots extracted from the LEEM measurements described above at different temperatures for the covered (SiO 2 /Ru(0001)) and uncovered (Ru(0001)) samples. Figure S1 . Intensity vs. time plots recorded at different temperatures during the front movement across the surface for Ru(0001) and SiO 2 /Ru(0001), as indicated.
The front velocity ( ) was calculated at each temperature as:
Here, Δ is the distance travelled by the front in the lapse of intensity change, Δ ̅̅̅ represents the average change in intensity observed during the front movement and is the average slope of the decay of the linear portion of the I vs. time curves shown in Figure S1 . The temperature dependent representation of the front velocities resulted in the Arrhenius plots given in Figure 3 of the main report. It is important to mention that, in the case of the vitreous SiO 2 bilayer supported on Ru, some plateaus are seen in the I vs. time curves of Figure S1 , corresponding to the influence of step bunches on the front movement, especially at lower temperatures.
